The processing and mechanical properties of natural fibre composites were investigated. Three kinds of kenafhemp-non-woven materials impregnated with an acrylic matrix were used. The natural fibre composites were press moulded and showed good mechanical properties. It was clarified on the basis of the microscopic observation of the fracture surfaces that the adhesion of natural fibres and matrix was important in order to obtain good mechanical properties.
INTRODUCTION
Conventional and traditional fibre reinforced composites provide high mechanical and thermal properties; therefore, they are widely used in various applications. However, environmental legislation as well as consumer demands in many countries increases the pressure on manufacturers of materials and end-products to consider the environmental impact of their products at all stages of their life cycle [1] . If a natural fibre replaces a traditional fibre such as glass in composite materials, the energy involved in harvesting and treating the fibre is not more detrimental to the environment than the glass processing or waste disposal. Natural fibre reinforced composites can reduce part costs and material waste in automotive uses [2] .
In this research work, the natural fibre reinforced thermoset composites were made by compression moulding of thermoset bonded natural fibre prepregs. The procedure of compression moulding for natural fibre composites has been published previously [3] . The advantages of this procedure are the short cycle times, the low scrap and the low orientation in the mouldings. Processing times of less than two minutes were reached during the compression moulding of three-dimensional components with a high forming degree [3] .
The aim of this research work was to investigate the effects of matrix and moulding pressure on mechanical properties for natural fibre reinforced thermoset composites. The investigation is accomplished by obtaining the experimental data of static tension tests and the fracture surfaces studies for natural fibre composites.
EXPERIMENTAL PROCEDURE
The plates were manufactured on a laboratory heating press by using prepreg materials of kenaf-hemp fibre non-wovens with a mixing ratio of 50:50 and a matrix content of 22 wt.-%. The area weight ratio of the prepregs amounts to 1800 g/m2. Three kinds of prepreg materials on acrylic basis as a matrix were used. The natural fibre reinforced thermoset composites were moulded from prepreg material, which were respectively named M1, M2 and M3. Different German chemical companies have manufactured the matrix systems. All three matrices are commercial products with some modifications in order to adapt them to the technical requirements of the natural fibres. However the manufactures did not inform us about the exact chemical composition of the matrices.
It is well known that the effect of the surface treatment of the fibre on the mechanical properties is important. Therefore, considerable literature consists on the fibre surface treatment of natural fibre composites [4, 5] . The prepreg materials used were made by J. DITTRICH Vliesstoffwerke GmbH. Therefore, the surface treatment of the natural fibres was also same
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for all three material modifications investigated.
The process procedure of the natural fibre composites can be outlined as follows. A prepreg material was placed in the mould by hand. After a pressing time of 10 sec the cavity is opened for 10 sec [3] to allow the residual moisture and the condensation products of the hardening reaction to escape. And then, the prepreg material is pressed for 60 sec in a 200
O C pre-heated mould. The moulding pressures were 1.5 MPa and 6 MPa. As a result, the dimensions of the plate were 480 mm wide, 340 mm long, and the thickness ranged from 1.7 mm to 2.4 mm. The thickness of a plate was almost constant.
All specimens were cut from the plate. The specimens were machined in a way, that the principal direction of the specimen coincided with the machine direction of the prepreg material, was named MD. The specimen made in the direction perpendicular to MD was named CD.
Tension tests were performed according to DIN EN ISO 527-4 by using an Instron-type testing machine. The machine was operated at a constant crosshead speed of 2 mm/min at room temperature. The fracture surfaces of tensile test specimens were examined using a scanning electron microscope (SEM). Table 1 , Fig. 1 and Fig. 2 show the mechanical properties of natural fibre composites, M1, M2, and M3. In all specimens, the load increased monotonically and no load drop was observed. M1 demonstrated brittle stress-strain response, showing little capacity to carry load after yielding. However, M2 retained considerable load-carrying capacity after yielding.
RESULTS AND DISCUSSIONS
The strength for CD of M1 was the highest and the anisotropy of M1 was remarkable as shown in Fig. 1  and 2 . However, the strength for MD of M1 is not lower than other materials that were moulded under the same conditions. There is no big difference, even if the strength of M1 is compared to the strength of other natural fibre composites [6, 7] and glass fibre reinforced plastics [8] . That is, the M1 shows, good mechanical properties.
The fractographic study was carried out in order to examine the cause of the different mechanical properties as shown in Table 1 . Microscopic observation of the tensile fracture surfaces of M1 and M2 are shown in Fig. 3 . These pictures show the fracture surface of the specimen moulded with 1.5 MPa. Fig. 3(a) provides the evidence of the few fibre pullouts in the tensile fracture surface of M1. Magnified view of this region presented in Fig. 3(c) shows the good adhesion between fibres and matrix. Further, the fibrillated fibres shown in Fig. 3 (e) indicate a higher interfacial bond strength. From these observation results, it can be seen that the M1 is an indication of good adhesion between the natural fibres 
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and the matrix. The stress is transferred from the matrix to the stronger fibres. Therefore, it is considered that the M1 has good mechanical properties as shown in Table 1 . Fig. 3(b), (d), and (f) show the representative SEM of M2. From Fig. 3(b) , it can be seen that fibre pullouts occur to a large extend in the fracture surface. No matrix material is visible on the fibre surface as shown in Fig. 3(d) . The SEM image of the M2 shows clean fibres, indicating a lower interfacial bond strength (Fig. 3(f) ). For this reason, it is considered that M2 is the weakest matrix independently from moulding conditions, as shown in Table 1 . The tendency shown in Fig. 3 observed even in the fracture surface of the specimen moulded with 6 MPa.
In all materials, it can be seen that the strength of the specimen moulded with 6 MPa were higher than that of the specimen moulded with 1.5 MPa as shown in Fig. 1 . The M3 was the most remarkable for the increase in the strength by the moulding pressure. The strength of the M3 moulded with 6 MPa was the about 1.5 times of that for 1.5 MPa. Fig. 4(a)-(d) show the fracture surface of M3. Comparing the fracture surfaces of M3 moulded with 1.5 MPa and 6 MPa, there are remarkable differences. In case of M3 moulded with 1.5 MPa, no matrix material bonded on the fibre surface was observed, as shown in Fig. 4(c) . In this case, it can be seen that M3 exhibits a poor adhesion between the natural fibres and the matrix. On the other hand, it can be seen that M3 moulded with 6 MPa exhibits good adhesion between the natural fibres and the matrix, leading to fibrillated fibres, as shown in Fig. 4(d) . From these observation results, it can be seen that the adhesion of the matrix and the natural fibres is improved by the moulding condition, even if it is of the same prepreg material. As the result, it seems to be possible that the mechanical properties are improved. Fig. 5(a) and (b) show the examples of the fracture surface of the M1 moulded with 6 MPa. The cross sections of some fibre crushed during moulding, as shown in Fig. 5(a) . However, most natural fibres were not crushed. It is possible to observe the pore of the kenaf fibres as shown in Fig. 5(b) . It is indicated that the existence of the pore retains the good acoustic properties. For the automobile industry this is an important aspect [3] . T. Yamamoto, L. Medina, R. Schledjewski
CONCLUSIONS
The tensile mechanical properties of the natural fibre reinforced thermoset composites have been investigated. The natural fibre composites consisting of hemp and kenaf of the same quantity were moulded by compression using prepreg materials impregnated with acrylic matrix. Three kinds of prepreg material were used and were impregnated with the matrix that differs in order to examine the effect of the matrix on the mechanical properties.
The natural fibre composite that was moulded in this research work showed good mechanical properties, which was a lot better than other natural fibre composites. It was clarified that the adhesion of natural fibres and matrix was important in order to obtain the good mechanical properties from the fractographic study. It was shown that the mechanical properties were improved by the moulding condition, even if the same prepreg material was used.
